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(54) Title: ULTRASONIC CUTTING PROCESS 
(57) Abstract 

A process for cutting food products (3). 
especially brittle food products such as frozen 
fish. The process involves mounting a cutting 
Made (2) on an ultrasonic system in a manner 
such that the blade (2) is vibrated parallel to the 
Cut face and the aspect of travel of ultrasound 
down the blade (2) is approximately 90* to the 
cutting edge of the blade (2). The cutting blade 
(2) has a significantly biuntcd tip. The cutting 
is effected, at least in part, by localised healing 
of the food product (3) r The process permits 
cutting of brittle food products into portions with 
minimum wastage. Fracturing is also reduced 
thus allowing the portion size to be accurately 
controlled and providing a final portion having 
smooth surfaces. 
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ULTRASONIC CUTTING PROCESS. 
Technical Eisld af the ^ rr nfinn 

This invention relates to a process for cutting food 
products, m particular brittle food products such as 
frozen fish. 

Backarniinri r n rnr TTiv^«^j ffT1 



It is highly desirable to be able to cut frozen fish into 
portions with a minimum loss of fish material. However, it 

is essential that any cutting technique used must enable 
the portion size being produced to be accurately 
15 controllable. This is not possible if the cutting process 
results in fractures being present in the food material. 
Furthermore the cutting technique chosen roust provide a 
smooth surface such that the final portion can be readily 
battered and crumbed. 



FR 2 620 071 (Meoasonic) discloses a method of 
ultrasonically cutting frozen food material, especially 
cakes, into portions in their mould. Preferably the blade 
is knife-shaped and has a cutting angle of 30 degrees. 
However, we have demonstrated that although such cutting 
techniques are suitable for cakes and pies, it is not a 
suitable technique for cutting brittle materials, such as 
frozen fish, because fractures result. Furthermore the 

blade life is very short. 

EP 353 415 (Nestle) recognises the problem of cutting 
brittle materials and states that it is not possible to cut 
brittle material by conventional ultrasonic techniques 
because a fractured cut is achieved. 

EP 353 415 solves the problem of cutting brittle materials 
by providing a method of cutting an article involving 
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mounting a cutting blade on an ultrasonic vibrating device 
in a manner such that the blade lies in a plane extending 
transversely to the longitudinal axis of vibration and 
moving said blade in said plane through said article. 

In this manner the blade moves back and forth transverse to 
the plane in which it moves through the article, effecting 
a removal of the material of the article along the line of 
cue. In other words the blade is flexed perpendicular to 
10 the cut face as illustrated in Figure A. 

This technique results in an unacceptable loss of food 
material . 

15 JP 5 228 894 discloses an ultrasonic cutting device where 
a thin wire or blade is vibrated ultrasonically along its 
longest dimension. In practice this set 9 up a transverse 
vibration causing the blade to flex perpendicular to the 
cut surface. Furthermore the aspect of travel of the 

20 ultrasound down the blade is parallel to the cutting edge 

of the blade* This system has been shown to result in a 
rapid fatigue of the blade and may result in unacceptable 
loss of food material. 

25 GB 2087290 discloses apparatus comprising a cutting tool 
for cutting sheet material spread on a support surface; the 
cutting tool is ultrasonically vibrated along an axis 
generally perpendicular to the support surface; this causes 
the sheet material to be severed by a crushing action as it 

30 is ultrasonically squeezed between the cutting surface of 

the cutting tool and the support surface. 

The apparatus of GB 2087290 is not suitable for cutting 
brittle food substances since its crushing action, results 
35 in fractures being formed. Furthermore, frozen fish 
blocks, for example, are generally too thick for the 
cutting tool to sever without substantial fractures forming . 
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Therefore, to date, it has not been possible to provide a 
process for cutting brittle food substances without loss of 
food and without forming fractures. 

5 We have now solved this problem by use of ultrasonic 
cutting whereby the blade has a significantly blunted tip, 
the blade is vibrated parallel to the cut face as 
illustrated in Figure 1 and the aspect of travel of 
ultrasound down the blade is approximately 90° to the 
10 cutting edge of the blade. As a result, the cutting of the 

food product is effected, at least in part, by localised 
heating of the food product. 



15 



Description of rhe Tmr^nMprf 



Accordingly, the invention relates to a process for cutting 
food products involving mounting a cutting blade on an 
ultrasonic system in a manner such that the blade is 
vibrated parallel to the cut face and the aspect of travel 
20 of ultrasound down the blade is approximately 90° to the 

cutting edge of the blade; wherein the cutting blade has a 
significantly blunted tip; and wherein the cutting i© 
effected, at least in part, by localised heating of the 
food product. 

25 

By significantly blunted is meant that the tip of a 
traditional knife-shaped blade, as illustrated by Figure B, 
is blunted relative to the cutting angle by either a 
substantial rounding of the tip or by the provision of a 

30 symmetrical or asymmetrical secondary angle of from 45* to 
180*. This secondary angle is marked by angle x in figure 
3b, A substantial rounding of the tip includes blades 
having at least a tertiary angle. Suitable blades are 
illustrated in Figures 3 to 5. Preferably the blade is 

35 blunted by provision of a secondary angle of from 60° to 

120° or by rounding. Most preferably the blade is blunted 
by provision of a secondary angle of 90°. 
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By cutting angle is meant the angle at the tip of the blade 
prior to any blunting. Preferably the cutting angle of the 
cutting blade is from 1 to 20 degrees, most preferably from 
3° to 10 P . The cutting angle is marked by angle y in figure 
5 3b. 

It is essential that the aspect of travel of ultrasound 
down the blade is approximately 90* to the cutting edge of 
the blade, a deviation of up to 10° either side of 90* is 
10 tolerable (ie. from 80°. to 100°). 

The cutting edge may be flat or may comprise teeth- like 
ridges . 

15 The cutting blade may be of any length providing that the 
total length of the blade is a multiple of 0.5 of a 
wavelength. The. length W of the blade is shown in Figure 

2. 

2 0 The cutting of the food product ie effected, inter alia, by 

localised heating at or close to the cut face and by the 
slicing action of the blade. The heat may result from 
internal damping eg* damping of the vibrational energy, or 
internal resistance eg. friction between the blade and the 

25 food product. The ultrasound concentrates heat at or close 
to the cut face. 

The ultrasonic system may be any conventional system and 
will typically comprise a press and a vibrating acoustic 
30 element consisting of an emitter, an amplifier and a 
sonotrode supplied by a high- frequency generator. 

In one embodiment, the blade cuts and passes through the 

static article to be cut- In another embodiment, the 

35 article is cut by moving it towards the static, angled 
blade. 
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The blade may be vibrated at a frequency of between 18 kHz 
and 50kHz. 

Preferably, the blade can cut articles which are up to 
5 100mm thick. 

Preferably the food product to be cut is at a temperature 
of from -5°c to -2S°C, most preferably from -8°C to -15°C. 



10 



15 



20 



25 



30 



35 



The food product may be frozen meat or poultry; preferably 
the food product is frozen fish. 

in the accompanying drawings Figures A & B are comparative 
illustrations whereas Figures 1-5 illustrate the invention; 

Figure A is a schematic view showing a cutting system in 
which the blade is flexed perpendicular to the cut face as, 
for example, in EP 353 415. 

Figure B is a cross-section of a conventional knife-shaped 
blade tip having a cutting angle of 30°. 

Figure 1 is a schematic view showing a cutting system in 
which the blade is flexed parallel to the cut face* 

Figure 2 is a side elevation of the cutting blade, where 
the cutting edge is labelled 5. 

Figures 3 to 5 are cross-sections along the line Y-Y marked 
in Figure 2 showing different types of significantly 
blunted blade tips; 

Figures 3a & 3b have a cutting angle y of 10 6 and a 
secondary angle x of 90°. 

Figure 4 has a cutting angle of 10° and a rounded tip. 
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Figure 5 has a cutting angle of 10° and a secondary angle of 
180°. 

Figure 6 is a perspective, schematic view of a cutting 
5 system in which the article is moved towards the static 
blade. 

In Figure A a blade 2 is vibrated at an ultrasonic 
frequency perpendicular to the cut face 1 as illustrated by 

10 the directional arrows A < > B, and on passage through 

the article 3 to be cut will excavate a cut 4 from the 
article, as the blade passes through the article in the 
direction X. 

15 In Figure 1 a blade 2 is vibrated at an ultrasonic 

frequency parallel to the cut face 1, and the blade passes 
through the article 3 to be cut in the direction x. 

In Figure 6, a static, angled blade 2 is vibrated at 
20 ultrasonic frequency parallel to the cut face l, and the 

article 3 is moved in direction Z towards the blade. 

Example 1 

25 A frozen fish plank (-15°C) of depth 22mm and width 85mm was 
ultrasonically cut into strips with blades of the form 
shown in Figures 3a and 3b (cutting angle 10°; secondary 
angle 90°) . Two blade materials were tested one being an 
Aluminium Alloy and the other a Titanium alloy. 

30 

For both blades the cutting speed was Smms' 1 and after 
completing an experimental matrix of up to 1000 cuts the 
cutting edge was still in good condition. 

35 The maximum cutting force at the velocity of Srams* 1 was 
approximately 16% of the load when the ultrasonics were 
turned off. The cutting losses were approximately 10% of 
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those achieved with a handsaw and the cut surfaces were 
smooth. 

Example ,2 

A frozen fish block (-15*0 of depth 65mm and width 60mm was 
ultrasonically cut with blocks of the form shown in Fig. 3a 
and 3b. Titanium and alluminium alloys were used in the 
manufacture of the blades. After a matrix of experiments 
involving speed of blade of up to approximately 300 cuts 
the cutting edge was still in good condition. The maximum 
cutting force at a velocity of Gnuns" 1 was approximately 20% 
of that obtained with the ultrasonics off. 

is BxampJn 3 

A frozen fish block (-10°C) of depth 22mm and width 85mm was 
ultrasonically cut into strips with a Titanium Alloy blade 
of the form shown in Figures 3a and 3b (cutting angle 10°; 
20 secondary angle 90°) , 

For this blade the maximum cutting force at the velocity of 
25mms* 1 was 0.3KKT, and portions of good shape with a smooth 
cut surface were obtained. 



25 



The maximum cutting force at a velocity of 25mm" 1 was 
approximately 35% of that obtained with the ultrasonics 



off. 



30 Comparative ttyamplft ft 



A frozen fish block (-15*C) of depth 65mm and width 60mm was 
cut ultrasonically with a blade of the form shown in Figure 
B (knife-shaped blade with a cutting angle of 30°) . The 
35 blade was made of Aluminium alloy. The cutting speed was 
approximately Smras" 1 and during preliminary trials the blade 
became damaged. The damage took the form of bending and 
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10 



fracture of the tip section of the blade. 

Comparative Example A was repeated except that the blade 
was made of a Titanium alloy, was knife-shaped and had a 
cutting angle of 10°. 

The blade was again damaged. 
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Claims 

1. A process for cutting food products involving mounting 
a cutting blade on an ultrasonic system in a manner such 
that the blade is vibrated parallel to the cut face and the 
aspect of travel of ultrasound down the blade is 
approximately 90* to the cutting edge of the blade; wherein 
the cutting blade has a significantly blunted tip; and 
wherein the cutting ia effected, at least in part, by 
localised heating of the food product. 



10 



2. A process according to claim l wherein the cutting 
angle of the blade is from 1" to 20°. 

IS 3. A process according to claim l or 2 wherein the 
cutting angle of the blade is from 3° to 10°. 

4 . a process according to any preceding claim wherein the 
blade tip is significantly blunted by either a substantial 
rounding of the tip or by the provision of a symmetrical or 
asymmetrical secondary angle of from 45° to 100°. 



20 



5. A process according to any preceding claim wherein the 
blade tip is significantly blunted by either a substantial 

25 rounding of the tip or by the provision of a symmetrical or 
asymmetrical secondary angle of from 60° to 120°. 

6 . A process according to any preceding claim wherein the 
,blade tip is significantly blunted by the provision of a 

30 secondary angle of 90°. 

7. A process according to any preceding claim wherein the 
temperature of the food product to bs cut is from -S°C to 
-25 e C. 



35 



8 . A process according to any preceding claim wherein the 
temperature of the food product to be cut is from -8 C C to 
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9. A process according to any preceding claim wherein the 
food product is fro2en fish, meat or poultry . 



PAGE 65/71 * RCVD AT 7/12/2006 5:04:12 PM [Eastern Daylight Time] ' SVR:USPTO-EFXRF-5/16 * DNIS:2738300 * CSID:31 27079155 * DURATION (mm-ss):16-14 



FROM McANDREWS, HELD, k MALLOY 



(WED) 7. 12' 06 16:1 9/ST. 1 6 : 03/NO. 4861050948 P 66 



WO 96/99919 



1/3 



PCT/EP9S/0J8I2 



Fig.A. 



■B 



Fig.1. 

i . 
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NONE 



26-05-82 



OE-A- 
FR-A.B 

jp-c- 

JP-fi- 
JP-A- 
JP-A- 



3143030 
2498514 
1636217 
2001640 
S7089600 
3264300 



03-06-82 

30- 07-82 

31- 01-92 
12-01-90 
03-06-82 
25-11-91 



DE-A-4232187 


31-03-94 


NONE 






EP-A-0243981 


04-11-87 


JP-A- 


62291327 


18-12-87 


US-A-2361288 


24-10-44 


NONE 






DE-A-2743258 


29-03-79 


NONE 






FR-A-2620071 


10-03-89 


NONE 






EP-A-0543628 


26-05-93 


AU-B- 


2854492 


27-05-93 


GB-A-2246739 


12-02-92 


NONE 






EP-A-0341942 


15-11-89 


AU-B- 


630107 


22-10-92 






AU-B- 


4087189 


07-03-91 






CA-A- 


1335902 


13-06-95 






GB-A.B 


2218374 


15-11-89 






US-A- 


5195410 


23-03-93 



Fan KrjavBI <p*»u frnfly «ni| V*fy IW3) 
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